The use of a combined mixed magnesium(Mg)-rhodium(Rh) chemical modifier allows a compromise higher pyrolysis temperature to be used for the simultaneous detection of chromium (Cr), copper (Cu), iron (Fe), manganese (Mn) and lead (Pb) in various human hairs by graphite furnace atomic absorption spectrometry (GFAAS). The recommended pyrolysis temperature for all of the analyte elements is 1000˚C (ashing) and 2800˚C (atomizing). Nitric acid (HNO3) and perchloric acid (HClO4) were used for the digestion of all human-hair samples. The detection limits (3s, ng g -1 ) were 0.3 for chromium, 0.1 for copper, 0.4 for iron, 0.2 for manganese and 0.1 for lead, respectively. The accuracy and precision were examined by analyzing a certified reference material (NIES CRM No.13 Human Hair). All of the analytical results obtained by the proposed method were in good agreement with the certified values. The relative standard deviation (RSD) was less then 8 %.
Monitoring trace elements in human body is of foremost importance because their changes can be employed as an index of the excess or deficiency of specific nutrients in the diet or as an index of the absorption of contamination from the environment. The levels of trace elements in the human body are often evaluated by determining their concentrations in blood, urine, hair, and some tissues. [1] [2] [3] [4] [5] Although blood and urine analyses are the more traditional approaches for evaluating trace-element levels in the human body, trace elements in blood and urine fluctuate in response to any change in the physiological and/or environmental conditions. Hair can provide a more permanent record of trace elements associated with normal and abnormal metabolism as well as trace elements assimilated from the environment. [6] [7] [8] [9] In addition, hair is easily collected, conveniently stored, and can be easily treated. Therefore, the analysis of human hair has becomes an important way to understand any quantitative change in certain elements inside the body. Human hair is a complex matrix, consisting of high levels of both organic and inorganic materials. Certain elements or components in the matrix often interfere with the determination of analyte elements. Graphite furnace atomic absorption spectrometry (GFAAS) is a technique that is widely used for the determination of trace elements in various matrices, especially biological materials. [10] [11] [12] [13] A high pyrolysis temperature will reduce or minimize the increased interferences from matrices in a graphite furnace. [14] [15] [16] However, some volatile elements were found to be lost in the furnace at a pyrolysis temperature of a few hundred degrees celsius. The addition of some chemical modifiers can be less volatile and avoid interference in the furnace. 12, [17] [18] [19] [20] Therefore, a compromised condition in the pyrolysis temperature is required when detecting elements in a simultaneous mode by graphite furnace atomic absorption spectrometry (GFAAS).
In this study we have proposed an accurate method for the simultaneous determination of chromium, copper, iron, manganese and lead in human hair samples by graphite furnace atomic absorption spectrometry with magnesium(Mg)-rhodium(Rh) mixed modifier. A modifier was used, since it had been successfully applied to assay element selenium in the same kind of sample in our previous work. 14, 21 The effects of a combined modifier on these elements in the ashing and atomization stages were investigated. As expected, the modifier increased the stability of the analyte elements in the furnace.
Experimental

Apparatus
Analyses were performed on a Hitachi Model Z-9000 simultaneous multielement atomic absorption spectrometer, using a Zeeman background correction. Pyrolytic platform cuvettes (Hitachi part No.190-6007) were used throughout this work. Hollow cathode lamps of chromium, copper, iron, manganese and lead (Hitachi) were employed as radiation sources. Highpurity argon (99.99 %) was used as a purge gas. The instrumental parameters are given in Table 1 .
Reagents
The AAS standards (1000 mg dm -3 , Kishida Chemicals Co., Ltd.) were used to prepare multielement chromium, copper, iron, manganese and lead solutions. The working solutions were made by diluting the respective standards with 1.0 mol dm -3 HNO 3 before use. A magnesium-rhodium mixed modifier solution was prepared according to a previous report. 14 All chemical reagents used were of a highest purity grade. Ultra-pure water was prepared with a Milli-Q purification system. A reference material (NIES CRM No.13 Human Hair) was also used.
Preparation of hair samples
The human hair samples were collected from healthy people in the age range of 20 -56 years. Each sample was cut to 3 -5 mm long by using stainless-steel scissors, and washed with ultra-pure water then with 1% of Triton X-100 for 30 min, and finally with ultra-pure water again three times. The samples were oven-dried at 80˚C overnight and stored in a desiccator for further analysis.
A 200 mg portion of each hair sample was placed in a Teflon beaker with a cover and soaked with 5 cm 3 of concentrated nitric acid overnight at room temperature. Afterwards, the beaker was heated at 120˚C for 5 -6 h. After cooling, 1.0 cm 3 of concentrated perchloric acid was added and heated at 170˚C almost to dryness. The residue was then transferred to a 20 cm 3 volumetric flask, and the volume was adjusted with 1.0 mol dm -3 nitric acid. The blanks and the reference material were subjected to the same digestion procedure mentioned above.
Results and Discussion
Investigation of the ashing and atomization temperatures without a modifier
The effects of the ashing and atomization temperatures on the signals of the analyte elements were investigated without a modifier. The absorption signals were obtained under the following given conditions: temperature range of ashing, from 400˚C to 1200˚C; drying temperature, 80 -150˚C; ramp, 30 s; atomization temperature, 2600˚C, hold 7 s; and clean temperature, 5 s, respectively. Figure 1 shows the absorbance signal as a function of the pyrolysis temperature for a simultaneous GFAAS measurement of chromium, copper, iron, manganese and lead. From Fig. 1 (A) it can be seen that the maximum ashing temperature of chromium, manganese and lead can not exceed 600˚C; copper and iron can not exceed 1000˚C of the ashing temperature. Although the ashing temperatures of chromium, manganese and lead are considerably lower, they are fixed at 1000˚C for an atomization study in order to avoid any possible interference arising from the matrix. The atomization temperatures ranged from 2000˚C to 2800˚C. As shown in Fig. 1 (B) , the maximum signals of chromium and iron were recorded at 2800˚C, manganese at 2600˚C and copper at 2400˚C, respectively. Since lead is lost at 1000˚C of the ashing temperature, its absorption signal remains at a lower level under the given atomization temperatures. The results of Fig. 1 suggest that for the simultaneous detection of the analyte elements it was impossible and unsuitable without a modifier when the ashing temperature was set at 1000˚C.
Optimization of the ashing and atomization temperatures with a Mg-Rh mixed modifier
The ashing and atomization temperatures in the presence of a magnesium(Mg)-rhodium(Rh) mixed modifier were investigated by injecting 10 mm 3 of the modifier and a mixed standard solution of the analyte elements into the furnace. The results are shown in Fig. 2 . The use of a mixed modifier allowed the use of a higher pyrolysis temperature of 1000˚C for the five elements (Fig. 2 A) . It was found that the absorbances of all the elements tested almost remained unchangeable along with an increment in the ashing temperature, suggesting a temperature-independent pattern. Especially, lead also gives a considerably stable signal at 1000˚C. From Fig. 2 (B) it can be noted that a compromise atomization temperature of 2800˚C will atomize all five 786 ANALYTICAL SCIENCES AUGUST 1998, VOL. 14 elements. As compared with the results obtained in the last section, with the addition of a modifier, the absorbance of manganese increased by 72%, chromium by 50%, copper by 30% and iron by 78%. Under such conditions, the absorbance of lead increased by approximately 17 times. Undoubtedly, those data indicate that a magnesium(Mg)-rhodium(Rh) mixed modifier can enhance the sensitivity for the analyte elements, possibly by providing higher ashing and atomization temperatures. On the basis of these findings, therefore, we selected 1000˚C (ashing) and 2800˚C (atomization) as the pyrolysis temperature for analyzing the elements. The final optimum pyrolysis temperature parameters are listed in Table 2 . The Hitachi Z-9000 can determine four elements in one firing. In order to simultaneously analyze the analyte elements in hair samples, the instrument was programmed to set two firings. Therefore, the five elements were divided into two groups: Group 1 for chromium, lead and manganese, and Group 2 for copper and iron.
Matrix interference
Human hair consists of high levels of both organic and inorganic materials. These components often interfere with a determination of the analyte elements. We used the calibration and standard addition graphs to investigate the matrix effect on the determination of the analyte elements following the graphite-furnace conditions listed in Table 2 . The reference material (NIES No.13 Human Hair) and a series standard solution were respectively used for the standard addition method and the calibration graphs. By comparing the slopes 787 ANALYTICAL SCIENCES AUGUST 1998, VOL. 14 obtained from the two methods, no matrix interference was found in the proposed method. Hence, both the calibration graphs and the standard addition method could be used for the quantitative determination of the five elements.
Analytical figures of merit
To evaluate the experimental accuracy and precision, the concentrations of chromium, copper, iron, manganese and lead in a NIES CRM No.13 Human Hair (working as a reference) were determined using the proposed method. The results are given in Table 3 . As can be seen, all of the results agree very well with the certified or recommended values. The precision of the method (relative standard deviation, RSD) was obtained for 7 replicates of the reference material. The relative standard deviation (RSD) was typically less than 8%.
According to IUPAC, the detection limits are defined as three-times the standard deviation of the procedural blanks (n=3). Such detection limits obtained in the present experiment were 0.3, 0.1, 0.4, 0.2 and 0.1 ng g -1 for chromium, copper, iron, manganese and lead, respectively.
Determination of chromium, copper, iron, manganese and lead in various hair samples
Totally, 17 hair samples were analyzed for the five elements mentioned above by the proposed method with the calibration graphs. The hairs, including 4 normal and 7 dye or 6 waving-treated ones, were collected from both sexes of people aged from 20 to 56. In Table   4 it can be seen that there are no obvious sexual or aging differences in the five-element levels contained among the individual samples. However, in the case of the treated hair samples (waving or dying with chemical agents), the levels of the such elements as iron, chromium and manganese are not as evenly distributed as in normal ones. The elements, except for copper and lead, whose contents are not changed in comparison to the normal hairs, raise their levels in the treated hair samples, especially iron, being 1.7 -2 fold of the normal (see Fig. 3 ). This may imply that hair treatment with certain chemicals may change some of the element contents. In our observation, chromium, copper, iron, manganese and lead in the treated hair, such as dying or waving, can not return back to the normal level within a short time (25 -40 d) after stopping the treatment. Therefore, when monitoring some of the element contents inside the body using hair as a sample, only the samples untreated or naive should be used for the analysis.
A compromise pyrolysis program for the simultaneous detection of chromium, copper, iron, manganese and lead was investigated. The use of a magnesium(Mg)-rhodium(Rh) mixed modifier provided some improved sensitivity for all five elements. The use of the combined modifier allowed the use of a pyrolysis temperature of at least 1000˚C when simultaneously detecting the five elements. A compromise atomization temperature of 2800˚C is required to detect all five elements.
This proposed method was applied to the simultaneous determination of chromium, copper, iron, man-
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